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Introduction
Nonmotor symptoms (NMS) are common among patients with Parkinson disease (PD), and some may precede PD diagnosis by years [1] . Previous prospective studies have shown that NMS such as impaired olfaction [2] , sleep disturbances [3, 4] , constipation [5] , depression [6] , and anxiety [7] are each associated with a higher risk of PD. These observations, in general, are consistent with the Braak hypothesis that PD Lewy body pathogenesis impairs extranigral structures such as olfactory bulb and lower brain stem before affecting the substantia nigra [8, 9] .
Most NMS are not specific to PD. Nonetheless, if these NMS do result from a common or similar underlying pathology that may eventually progress to PD [9] , one might speculate that PD patients will develop multiple NMS before PD diagnosis. Despite the fairly large body of literature on individual NMS and PD [1] , few studies have evaluated the presence of multiple or specific combinations of NMS in relation to PD-although doing so may facilitate our efforts to understand predictors of PD development [10] . Further, recent evidence suggests potential sex differences in NMS presentation among PD patients [11] . Yet, few studies have investigated potential sex differences in the NMS-PD relationship.
We assessed six NMS (reduced sense of smell, dream-enacting behavior, excessive daytime sleepiness, infrequent bowel movement/constipation, depression, and anxiety) in the most recent follow up of a large cohort of US farmers and their spouses. We herein report their cross-sectional associations with prevalent PD, individually and in combination, separately for men and women.
Methods

Study population
The Agricultural Health Study (AHS) is an ongoing prospective cohort of licensed private pesticide applicators (mostly farmers and hereafter so identified) and their spouses from Iowa and North Carolina [12] . Briefly, 52,394 farmers completed an enrollment questionnaire in 1993-1997 (Phase 1) that asked about farming activities including lifetime use of pesticides, sociodemographics, and medical history. In Phase 1, farmers were also given a questionnaire to be filled out by their spouses at home, and 32,345 spouses completed the questionnaire. Follow up interviews were conducted in 1999-2003 (Phase 2), 2005-2010 (Phase 3), and 2013-2015 (Phase 4). The current analyses were limited to 23,478 male and 18,058 female participants who completed the Phase 4 survey which collected information on six NMS previously associated with PD. Since most farmers were men, and spouses female, we excluded 1,359 female farmers and 219 male spouses because of small numbers and our interest in studying sex-specific relationships. We also excluded 2,509 men and 971 women who had proxy respondents because the proxy questionnaire did not ask about NMS. Further, we excluded participants who provided inconsistent answers to PD diagnosis across AHS surveys (for example, those who reported PD diagnosis in Phase 3 but denied it in Phase 4, 25 men and 13 women) or missing information on smoking, leaving 20,473 men and 16,259 women for the current analysis (S1 Fig). All participants implied informed consent by returning study questionnaires and participating in the telephone interviews. Institutional review boards at the National Institute of Environmental Health Sciences and the National Cancer Institute approved the study protocol.
Outcome ascertainment
At all AHS surveys, participants were asked to report whether they had ever been diagnosed with PD by a physician and their age at diagnosis. Most self-reported cases from Phase 1 and Phase 2 were invited to participate in an AHS add-on study, the Farming and Movement Evaluation (FAME) Study [13] . In FAME, self-reported PD cases were confirmed by movement disorder specialists, using medical records and an in-home assessment; 84% of self-reported cases were confirmed. For self-reported cases who reported PD diagnosis after FAME, we are currently validating PD diagnosis by collecting and evaluating relevant information on PD diagnosis, symptoms and treatment from patients and their treating physicians. Of those for whom we have completed the evaluation (241 cases), 201 (83%) were confirmed to have PD. A similar approach has been successfully used in many other population-based prospective cohorts [14] [15] [16] . Of eligible Phase 4 participants, 203 men and 81 women reported a PD diagnosis in any of the four AHS surveys. After excluding self-reported cases whose PD diagnosis was refuted by movement disorder specialists in the FAME study or the ongoing diagnostic validation (7 men and 7 women) and those with missing information on covariates (5 men and 6 women), the final analytic sample included 191 men and 68 women with potential PD. Comparison group includes 20,282 men and 16,191 women who reported not having PD in any of the AHS surveys.
Nonmotor symptoms
The AHS Phase 4 questionnaire asked about six NMS that often occur in prodromal PD (details in S1 Table) . We considered participants to have impaired olfaction if they reported a loss or significantly decreased sense of smell. Dream enacting behavior was assessed with a one-item validated screening question for probable rapid eye movement sleep behavior disorder (RBD) that was designed for epidemiological surveys [17] . We considered participants to have excessive daytime sleepiness if they answered "6-7 days per week" to the question "How often do you feel sleepy most of the day?" A similar question has been used elsewhere [18] . We defined infrequent bowel movement as 3-4 bowel movements per week or ever use of medications to help with bowel movements. Others have used similar questions [18, 19] . Depression was assessed using the 2-item Patient Health Questionnaire (PHQ-2) [20] and by asking about current use of prescribed medications for depression. We defined depression as a PHQ-2 score ! 3 [20] or current use of antidepressants. We defined anxiety as a score ! 3 on the 2-item Generalized Anxiety Disorder (GAD-2) scale [21] . In addition, we counted the number of NMS, which ranged from 0 to 6.
Statistical analysis
We conducted primary analyses separately for men and women. Bivariate associations among NMS, PD, and covariates were assessed using chi-square tests and Spearman correlation coefficients as appropriate. We used multivariable logistic regression models to assess associations between NMS and PD, and report odds ratio (ORs) and 95% confidence intervals (CIs), adjusted for age and smoking at enrollment. Further adjustment for state of residence, lifetime days of any pesticide use, alcohol consumption, education, and history of head injury did not materially change the estimates, and so we present results from simpler models. In the main analysis, we dichotomized each individual NMS as present/absent. We categorized the number of NMS into four categories (0/reference, 1, 2, and ! 3), combining the highest numbers of symptoms because of sparse data in women. We tested statistical interactions between sex and NMS by including a cross-product term in regression models. In interaction analyses, we modeled the number of NMS as a continuous variable reflecting its approximately linear relationship with PD.
We used polytomous logistic regression models to evaluate the associations of NMS with PD by median disease duration ( 5 and > 5 years). We also evaluated the frequency of individual symptoms in relation to PD whenever we had sufficient cases. We used AHS data releases AHSREL20150600, P1REL201209_00, P2REL20120900, P3REL20120900, and Final_06172015. All statistical tests were two-tailed with α = 0.05. Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC).
Results
We identified a total of 191 PD cases in male farmers and 68 in female spouses. The age-specific prevalence of PD among male farmers was 0.08% for age 40-49 years, 0.29% for 50-59 years, 0.72% for 60-69 years, 1.58% for 70-79 years, and 1.98% for 80+ years, and the corresponding prevalence among female spouses were 0%, 0.16%, 0.30%, 0.89%, and 0.50% respectively. Compared with same sex participants without PD, both male and female PD cases were older, and male cases were more likely to be never smokers (Table 1) .
Individual NMS and PD by sex
As expected, the prevalence of each NMS was greater among individuals with PD than those without ( Table 2) . Among men, all NMS were positively associated with PD after adjusting for Four age categories for men and three for women due to difference in age distribution. c Three smoking categories for men and two for women due to small sample size. age and smoking; the ORs for PD ranged from 3.5 (95% CI 2.4-5.0) for depression to 12.1 (95% CI 8.9-16.3) for reduced sense of smell. These associations were somewhat attenuated after mutual adjustment for all individual symptoms. NMS were moderately correlated with each other. Correlation coefficients ranged from 0.06 to 0.35, with the correlation between depression and anxiety being the highest.
Among women, all NMS except for anxiety were positively associated with PD after adjusting for age and smoking, with ORs ranging from 2.5 (95% CI 1.6-4.2) for infrequent bowel movement to 8.2 (95% CI 4.7-14.3) for dream-enacting behavior. After mutual adjustment for all individual symptoms, ORs were attenuated, and the association with depression was no longer significant. Spearman correlation coefficients among NMS ranged from 0.04 to 0.32, with the correlation between depression and anxiety being the highest.
In analyses of statistical interaction between individual NMS and sex, we found suggestive interaction between sex and reduced sense of smell and infrequent bowel movement (both P interaction = 0.06). In the model that was simultaneously adjusted for other symptoms, the interaction for sex with reduced sense of smell was statistically significant (P interaction = 0.02).
NMS and PD by disease duration
For most symptoms, associations with PD appeared to be stronger for disease with longer duration (> 5 versus 5 years) (Table 3) ; however, formal statistical tests did not show significant difference in ORs by PD duration in either sex. 
Frequency of individual NMS and PD
In general, we observed dose-response relationships between a symptom's frequency and PD (Table 4) . Among men, the OR comparing the highest frequency category with having no symptom was 19.2 (95% CI 11.0-33.5) for dream-enacting behaviors, 5.8 (95% CI 3.5-9.7) for daytime sleepiness, and 7.2 (95% CI 3.1-17.2) for infrequent bowel movement. Notably, for dream-enacting behaviors and infrequent bowel movement, even the least frequent category was associated with higher odds of PD compared to the referent. Women showed a similar pattern of associations, but analyses were limited by smaller sample sizes.
Number of NMS and PD
The number of NMS was strongly associated with prevalent PD (Table 5 ). Compared to men without NMS, the OR was 5.5 for one, 17.0 for two, 53.4 for ! three NMS (P trend < 0.0001).
Associations were stronger for PD with longer duration than shorter duration, and the difference was statistically significant (P = 0.006). We saw similar but less strong dose-response relationships among women; the OR was 4.6 for one, 6.7 for two, and 23.6 for ! three symptoms (P trend < 0.0001). The associations appeared stronger for women with PD duration > 5 years but were not statistically different from those with shorter duration (P = 0.12). The cross-product term between sex and the number of NMS was marginally statistically significant (P interaction = 0.07). 
Discussion
In this cross-sectional analysis of male farmers and female spouses, we confirmed that, among the NMS evaluated, reduced sense of smell and dream-enacting behaviors had the strongest associations with prevalent PD. We further determined that the number of NMS was associated with PD in a strong dose-response manner. Although these relationships held in both men and women, in general the associations were stronger in men. The notion that NMS and other preclinical markers of PD could be used as potential screening tools to characterize populations at higher risk for PD is being evaluated in clinical and epidemiological studies. While this idea is appealing, putting it into practice is challenging. Most NMS are common among older adults. This fact, coupled with the relatively low incidence of PD, results in very low positive predictive value of any individual NMS for PD screening in the general population. On the other hand, if these symptoms have a shared pathological basis, as suggested by the Braak hypothesis [8, 9] , investigations on multiple NMS and Adjusted for age (restricted quadratic splines with knots at 38, 46, and 55 years for men and continuous for women), and smoking status; separate models for each symptom.
Note: analysis not shown for reduced sense of smell and dream-enacting behavior for women because of small sample size.
https://doi.org/10.1371/journal.pone.0185510.t004
Non-motor symptoms and Parkinson disease PD may advance efforts to identify populations at risk for PD. Further, compared with motor dysfunction, NMS in PD patients are often not adequately managed and disproportionally affect patients' qualify of life [22] . Therefore, research on NMS may also lead to a better clinical management of PD and improved quality of life.
To the best of our knowledge, only a handful of studies have examined multiple NMS simultaneously in relation to PD [11, [22] [23] [24] [25] , The Honolulu Asia Aging Study examined impaired olfaction, constipation, daytime sleepiness, and impaired executive function in relation to PD risk. PD incidence increased from 16 per 10,000 person-years for participants without any NMS to 215 for those with three or more NMS [26] . A few other studies have reported greater burden of multiple NMS in patients with early PD than in controls [25, 27, 28] , and suggested that burden could be higher in certain PD subtypes [28] . Providing further support for the concept that multiple NMS are a marker of common pathogenesis, a recent study has shown that progression of RBD to neurodegenerative disorders tends to be faster in patients with olfactory loss and/or abnormal color vision than in RBD patients without these additional NMS [29] .
Overall, the available evidence supports the notion that these NMS tend to cluster among PD patients; however quantitative evidence from well-designed prospective studies in the general population is needed. The current cross-sectional analysis, while subject to several limitations, may inform future longitudinal research.
Several key findings are worth mentioning. Of individual symptoms, reduced sense of smell and dream-enacting behaviors were the most important. A previous study found that olfactory function alone outperformed genetic risk scores and most other potential markers in differentiating PD cases from controls [24] . The literature also identified dream-enacting behavior as the most specific NMS for PD and other α-synucleinopathies [30] . Together with data from our study, these findings suggest that poor olfaction and RBD alone or in combination may be especially useful in effectively discriminating PD patients from controls and in identifying atrisk populations. never smokers for men and never and ever smokers for women), and for other symptoms.
Note: P-value for the cross-product term between sex and number of NMS = 0.07 in the overall sample. P-values for the cross-product terms between sex and number of NMS > 0.10 for duration-specific analysis.
Duration information missing for N = 4 for men and N = 1 for women.
https://doi.org/10.1371/journal.pone.0185510.t005
Second, our results suggest potential sex differences in the associations of NMS with PD. Several lines of evidence hint at sex differences in PD etiology and progression [31, 32] , including higher PD prevalence and earlier onset in men, milder phenotype in women, some differences in motor features, and greater NMS fluctuation in women with disease progression. In the same manner, a handful of recent studies have also suggested potential sex-differences in NMS presentations in PD patients [11, [31] [32] [33] [34] [35] [36] ; for example, of the NMS we examined, previous studies have identified poor olfaction [11, [33] [34] [35] [36] [37] [38] , excessive daytime sleepiness [2, 35, 38] , RBD [37] were more common in men, whereas anxiety [11, 36] , depression [36, 38, 39] , and constipation [38] were more common in women. However, most of these studies were limited in that they did not have a comparison control group [33, 35, 38] , or they presented only sexspecific NMS frequencies [34, 36] . Of note, one study reported sex-specific NMS combinations that could differentiate de novo PD cases from healthy controls [11] . In our analysis, ORs for associations between loss of sense of smell and PD were much higher for men than for women. Interestingly, in both PD patients and the general older adult populations, men performed worse on olfaction tests than women [11, 40] . Future investigations should further investigate this potential sex difference in PD presentation as well as in PD development and progression.
Third, our data showed dose-response relationships for several symptoms for which we had information on frequency. For example, we found a dose-response relationship between the frequency of dream-enacting behavior and PD; interestingly even infrequent dream-enacting behavior (i.e., < 3 times in life or < 1 time per month) was associated with 4-5 times higher odds of having PD. Dose-response relationships were also suggested for bowel movement frequency and daytime sleepiness with PD, consistent with prior studies [4, 19] . Future studies might benefit from considering symptom severity, rather than only the presence or absence of individual NMS.
Strengths of our study include the relatively large sample size and preplanned analyses of multiple NMS and of potential sex differences. Our study also has limitations. First, it is a cross-sectional study, so it is hard to draw conclusions about temporality. However, significant associations were seen even among cases diagnosed 5 or fewer years prior to Phase 4, suggesting that associations could be an early manifestation or even predate clinical PD onset. Only a prospective study, however, can fully address this question. Second, NMS was self-reported and bias due to differential reporting between PD cases and individuals without PD is possible and may in part account for the strong associations we observed. Still, the magnitudes of associations identified in our study are in the range of estimates from other studies that measured individual NMS with objective tests or structured questionnaires [11, 25] . Only a prospective study with objective measurements of NMS, however, can fully address this question. Third, we chose to screen for NMS using simple questions that are practical in large population-based epidemiological studies. Although these questions have been validated or used in previous studies, some misclassification is likely. Fourth, we relied on self-reported physician diagnosed PD to identify PD cases; we therefore might have inadvertently missed or misclassified some cases. However, previous analyses in this population showed reasonably high agreement (84%) between self-report and expert adjudication [13] . Further, we replicated known associations of PD with age and smoking status, providing indirect support for the validity of case ascertainment. Fifth, most PD cases were prevalent and likely using medications which might have affected the presence of NMS. For example, it is possible that the associations with depression and anxiety have been underestimated and that for excessive daytime sleepiness overestimated, as dopaminergic medications may improve depression and anxiety, but exacerbate excessive daytime sleepiness [41] . Unfortunately, the lack of detailed data on medications for PD and these affective symptoms did not allow us to investigate the roles of these medications on NMS of PD, and how they would affect the current analyses. Sixth, our findings suggest some sexspecific NMS-PD associations, which may in part due to differences in occupational exposures such as pesticide use. Seventh, there is potential for selection bias if the presence of NMS or PD diagnosis affected Phase 4 participation. Lastly, as our study participants were mainly farmers, the results may not be generalizable to other populations.
In summary, we found that the number of NMS was associated with PD in a dose-response manner in a cohort of male farmers and their female spouses. Our findings are consistent with the idea that assessing multiple NMS may help in PD risk characterization and further suggest that such risk characterization approaches should consider sex differences in NMS-PD associations. These findings should be further investigated in population-based prospective studies. 
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